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© Apparatus and method for preparing a developer solution. 



© Apparatus for preparing a developer comprises a 
mixing bath equipped with means for receiving and 
mixing an undiluted developer solution and pure 
water, an ultrasonic densitometer for measuring the 
developer components contained in the developer in 
the mixing bath, flow rate controlling means for con- 
trolling the supply rate of the undiluted solution 
and/or pure water into the mixing bath according to 
the output signal from the ultrasonic densitometer, 
and a storage tank for receiving and storing the 
developer containing the developer components at a 
desired concentration. 

The apparatus is used by supplying and mixing 
an undiluted developer solution and pure water into 
the mixing bath, measuring the concentration of the 



developer components in the developer in the mix- 
ing bath by the densitometer, controlling the supply 
rate of the undiluted developer solution and/or pure 
water into the mixing bath by inputting the output 
signal from the densitometer into the flow rate con- 
trolling means, to provide developer containing the 
developer components at a definite concentration in 
the mixing bath, and supplying the developer to the 
storage tank and storing it therein. 

The preferred developer is aqueous 
tetramethylammonium hydroxide, prepared from an 
undiluted solution of 5-40 wt% concentration which 
is diluted to about 2.4%; this is used for lithography. 
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The present invention relates to apparatus for 
preparing a developer solution and to a method 
wherein this apparatus is used. 

Lithography is used to form the fine patterns 
required for the production of an LCD (Liquid Cry- 
stal Display) or LSI (Large Scale Integration), and a 
photoresist is used for the lithography. As types of 
photoresist, there are a positive-working type and a 
negative- working type of photoresist; since the 
positive-working type photoresist is particularly ex- 
cellent in dimensional accuracy and resolving pow- 
er, the positive-working type is generally used. 

An aqueous solution of an inorganic or organic 
alkali is used as a developer for the positive work- 
ing type photoresist, but to prevent the occurrence 
of staining with an alkali metal, an aqueous organic 
alkali solution, in particular, an aqueous solution of 
tetramethylammonium hydroxide, is suitably used, 
and the concentration thereof at use is as low as 
about 2.4% by weight. However, the concentration 
of an aqueous solution of tetramethylammonium 
hydroxide produced as an undiluted developer so- 
lution is usually from about 5 to 40% by weight 
and hence it is necessary upon use to dilute the 
undiluted developer solution with pure water. 

Now, for correctly forming fine patterns, it is 
important to develop the light-exposed resist with 
good accuracy and it is necessary for this purpose 
that the composition of the developer used is strict- 
ly controlled at a definite concentration. 

Hitherto, the concentration and the composition 
of the developer are correctly controlled by the 
developer manufacturer and the developer is pre- 
pared by the manufacturer and is supplied to users 
such as the makers of LSI and LCD. Considering 
that the concentration of an alkali which is the main 
component of the developer is about 2.4% by 
weight as described above but when the undiluted 
developer solution is obtained as an aqueous solu- 
tion having a concentration of from about 5 to 40% 
by weight, there is a problem that when the devel- 
oper manufacturer supplies the diluted developer 
solution to the users, the costs for the container 
and the transportion for transporting the developer 
from the developer manufacturers to the users in- 
crease. To overcome this problem, the developer 
manufacturer supplies the undiluted developer so- 
lution to the users, and the users dilute the un- 
diluted developer solution. However, it is necessary 
that the concentration of the developer after dilution 
is strictly adjusted to a definite concentration and 
that the developer is kept and controlled at that 
concentration, and also from the standpoint of in- 
dustrial practice it is required to practice the above 
procedure quickly and in labor-saving manner. 

Even under these circumstances, a developer 
preparing apparatus and a developer preparing 
method, which can strictly adjust the concentration 



of the developer at a definite value and keep and 
control the concentration of the developer, and also 
can practice the procedure quickly and with labor- 
saving have not yet been realized. 

5 Thus, an object of the present invention is to 

provide an apparatus and method for preparing a 
developer, which can strictly adjust the concentra- 
tion of the developer at a definite value and keep 
and control the developer at the concentration, and 

10 also can practice this procedure quickly and with 
labor-saving. 

We have discovered that the object can be 
attained by the present invention as described 
hereinbelow. 

75 According to one embodiment of the present 

invention, there is provided a developer preparing 
apparatus for obtaining a developer containing de- 
veloper components at a definite concentration by 
mixing an undiluted developer solution with pure 

20 water, comprising a mixing bath equipped with a 
means for receiving and mixing the undiluted de- 
veloper solution and pure water, an ultrasonic den- 
sitometer for measuring the concentration of the 
developer components contained in the developer 

25 in the mixing bath, and flow rate controlling means 
for controlling the supplying flow rate of the un- 
diluted developer solution and/or pure water into 
the mixing bath by the output signal from the 
ultrasonic densitometer, and a storage tank for re- 

30 ceiving and storing the developer containing the 
developer components of the definite concentration 
in the mixing bath. 

According to another embodiment of the 
present invention, there is provided a developer 

35 preparing method for preparing a developer con- 
taining developer components of a definite con- 
centration by mixing an undiluted developer solu- 
tion and pure water, which comprises using the 
above-described developer preparing apparatus, 

40 receiving and mixing the undiluted developer solu- 
tion and pure water in the mixing bath, measuring 
the concentration of the developer components 
contained in the developer in the mixing bath by 
means of the ultrasonic densitometer, controlling 

45 the supplying flow rate of the undiluted developer 
solution and/or pure water into the mixing bath by 
putting the output signal from the ultrasonic den- 
sitometer in the flow rate controlling means to 
provide the developer containing the developer 

50 components of the definite concentration in the 
mixing bath, and supplying the developer into the 
storage tank and storing it therein. 

The present invention is described in more 
detail below. 

55 There is no particular restriction on the devel- 

oper used in the present invention, but suitable 
examples of the developer are an aqueous solution 
of an inorganic alkali and an aqueous solution of an 
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organic alkali. From the standpoint of capacity of 
producing recent types of fine LSI, an aqueous 
organic alkali solution having a very small content 
of metals is suitable and an aqueous solution of 
tetramethylammonium hydroxide is particularly pre- 
ferred. In addition, the undiluted developer solution 
used in the present invention is obtained as an 
aqueous solution containing the developer compo- 
nents usually in amount of from 5 to 40% by 
weight. Also, by diluting the undiluted developer 
solution with pure water according to the present 
invention, a developer the concentration of which is 
strictly adjusted to a definite concentration of about 
2.4% by weight is obtained. 

The pure water which is preferably used in the 
present invention is pure water having a metal ion 
content of not more than a few ppb, and so-called 
ultra-pure water having a metal ion content of 0.1 
ppb or less is more preferred. 

In the present invention, there is used a mixing 
bath equipped with a means for receiving and 
mixing the undiluted developer solution and pure 
water. A specific example thereof is a mixing bath 
having an inlet for the undiluted developer solution, 
an inlet for pure water, and a stirring means. 

Examples of the stirring method are a method 
of using a stirrer fitted inside the mixing bath, a 
method of drawing out a part of the developer in 
the mixing bath by a pump and circulating it into 
the mixing bath again, and a method of disposing a 
line mixer in the circulating line in the above cir- 
culating method. Furthermore, before supplying the 
undiluted developer solution and pure water into 
the mixing bath, they are mixed in a mixing ap- 
paratus such as a line mixer and thereafter the 
mixture may be supplied into the mixing bath. This 
method is preferable from the standpoint that the 
concentration of the developer in the mixing bath 
becomes uniform. 

In the present invention, an ultrasonic den- 
sitometer is used to measure the concentration of 
the developer components contained in the devel- 
oper in the mixing bath. There is no particular 
restriction on the ultrasonic densitometer and any 
ultrasonic densitometer which can correctly mea- 
sure the concentration of the developer compo- 
nents can be used. For example, it is preferred that 
the frequency used is several MHz, the liquid- 
contact portion is composed of SUS (stainless 
steel) or a fluorine-containing polymer such as ptfe 
(e.g. Teflon, trade mark of E.I. du Pont de Nemours 
& Co., Ltd.), and the ultrasonic densitometer is 
equipped with a temperature-measuring portion 
and an ultrasonic wave transmitting and receiving 
portion, and also is equipped with a function ca- 
pable of automatically correcting the measurement 
value to the temperature at measurement by the 
calibration curve previously obtained using a devel- 



oper having a predetermined concentration and a 
temperature change compensating apparatus. 

The ultrasonic densitometer used in the 
present invention must have a function capable of 

5 transmitting the measured value as an output sig- 
nal. This is because it is necessary to control the 
supplying flow rate of the undiluted developer solu- 
tion and/or pure water to the mixing bath by means 
of the output signal. 

10 The measurement terminal of the ultrasonic 

densitometer may be disposed in the developer in 
the mixing bath, may be disposed in the above- 
described circulation line, or may be disposed in a 
measuring sampling line for sampling a small 

15 amount of the developer in the mixing bath and 
recycling it into the mixing bath. 

In the present invention, it is necessary to use 
a flow rate-controlling means for controlling the 
supplying flow rate of the undiluted developer solu- 

20 tion and/or pure water into the mixing bath by the 
output signal from the ultrasonic densitometer. 
There is no particular restriction on the type of flow 
rate controlling means; a means having a function 
of controlling the supplying flow rate of the un- 

25 diluted developer solution and/or pure water into 
the mixing bath in accordance with the deviation 
between the concentration of the developer compo- 
nents in the developer in the mixing bath obtained 
as the output signal from the ultrasonic densitom- 

30 eter and the desired concentration of the developer 
components may suitably be used. Also, by provid- 
ing a load cell for detecting the weight of the 
developer in the mixing bath and by controlling the 
supplying flow rate of the undiluted developer solu- 

35 tion and/or pure water into the mixing bath based 
on the signal corresponding to the weight thereof 
and the deviation described above, a more precise 
and rapid automatic preparation of the developer 
becomes possible. 

40 The developer mixed in the mixing bath, i.e. 

having the developer components of the definite 
concentration obtained by the method described 
above, is then stored in the storage tank and, when 
needed, is taken out from the storage tank for use. 

45 The portions of the apparatus of the present 

invention which are contacted with the developer 
are preferably composed of a fluorine resin such as 
ptfe., a polyolefin series resin, or a material coated 
with the above-described resin, so as to prevent 

50 the contamination of the developer by traces of a 
metal. 

The present invention is illustrated by the fol- 
lowing example. 

55 Example 

A mixing bath vessel having a volume of 1 m 3 
and having a stirrer was provided. The inside por- 
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tion of the mixing bath and the portion of the stirrer 
to be contacted with the developer were all made 
of ptfe. Each supply line for the undiluted devel- 
oper solution and pure water was a ptfe pipe and 
both lines were united with each other before enter- 
ing the mixing bath and thereafter, the united line 
was connected to the mixing bath through a line 
mixer. Each of the supplying lines of the undiluted 
developer solution and pure water into the mixing 
bath was equipped with a flow rate control valve as 
means for controlling the flow rate and each flow 
rate control valve could control the flow rate of the 
undiluted developer solution or pure water accord- 
ing to the output signal from the ultrasonic den- 
sitometer. The ultrasonic densitometer was dispos- 
ed in the line for taking out a part of the developer 
in the mixing bath, and the developer after the 
concentration thereof was measured was recycled 
into the mixing bath. Also, an inlet line was fitted to 
the mixing bath, whereby the developer thus pre- 
pared could be sent to the storage tank. 

As the undiluted developer solution, an aque- 
ous solution of about 15% by weight of 
tetramethylammonium hydroxide was used. After 
mixing the undiluted developer solution and pure 
water by the above-described line mixer, the mix- 
ture was supplied into the mixing bath. The stirrer 
of the mixing bath was rotated and the mixture 
supplied in the mixing bath was thus sufficiently 
stirred and mixed in the mixing bath. 

Part of the developer in the mixing bath was 
sent to the line in which the ultrasonic densitometer 
was disposed, wherein the concentration of 
tetramethylammonium hydroxide in the developer 
was measured and at the same time, the output 
signal from the ultrasonic densitometer was sent to 
the flow rate controlling means of each of the 
supplying lines of the undiluted developer solution 
and pure water through a controller, and by auto- 
matically controlling the extent to which the flow 
rate control valves were open, the flow rates of the 
undiluted developer solution and pure water were 
controlled. 

As a result thereof, the concentration of the 
developer in the mixing bath was maintained at 
2.381% by weight for the operation period of 30 
minutes and over the total prepared amount by 
volume of 0.8 m 3 , which showed that the developer 
could be prepared within an error of 0.04% to the 
desired concentration of 2.380% by weight. Fur- 
thermore, during the procedure the operation was 
all automated, and thus the method of the present 
invention was very excellent for labor-saving. 

As described above, by the present invention 
we provide an apparatus and method for preparing 
a developer which can strictly prepare the devel- 
oper at a definite value and keep and control the 
developer at the desired concentration, and also 



can operate quickly and with labor-saving. 
Claims 

5 1. Apparatus for preparing a developer so as to 
obtain a developer containing developer com- 
ponents having a definite concentration by 
mixing an undiluted developer solution and 
pure water, comprising a mixing bath equipped 

10 with a means for receiving and mixing an un- 

diluted developer solution and pure water, an 
ultrasonic densitometer for measuring the de- 
veloper components contained in the devel- 
oper in the mixing bath, a flow rate controlling 

15 means for controlling the supplying flow rate of 

the undiluted developer solution and/or pure 
water into the mixing bath according to the 
output signal from the ultrasonic densitometer, 
and a storage tank for receiving from the mix- 

20 ing bath and storing the developer containing 

the developer components having the definite 
concentration. 

2. Apparatus as claimed in Claim 1, which in- 
25 eludes a load cell for detecting the weight of 

the developer in the mixing bath. 

3. A method of preparing a developer containing 
developer components having a definite con- 

30 centration by mixing an undiluted developer 

solution and pure water, which comprises us- 
ing the developer preparing apparatus of Claim 
1 or 2, supplying and mixing an undiluted 
developer solution and pure water in the mix- 

35 ing bath, measuring the concentration of the 

developer components contained in the devel- 
oper in the mixing bath by the ultrasonic den- 
sitometer, controlling the supplying flow rate of 
the undiluted developer solution and/or pure 

40 water into the mixing bath by inputting the 

output signal from the ultrasonic densitometer 
to the flow rate controlling means to provide 
the developer containing the developer compo- 
nents of a definite concentration in the mixing 

45 bath, and supplying the developer to the stor- 

age tank and storing it therein. 

4. A method as claimed in Claim 3, wherein the 
output signal from the ultrasonic densitometer 

so and the output signal from the load cell are 

inputted into the flow rate controlling means. 

5. The apparatus of Claim 1 or developer prepar- 
ing method of Claim 3 or 4, wherein the un- 

55 diluted developer solution is an aqueous solu- 

tion of tetramethylammonium hydroxide. 
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6. A diluted developer solution prepared by the 
method of Claim 3, 4 or 5. 
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